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We use the method of light-cone sum rules to study S-wave decays of the SU(3) flavor 6F P -wave
heavy baryons into ground-state heavy baryons accompanied by vector mesons ρ and K∗. In Ref. [1]
we have studied their mass spectrum and pionic decays, and found that the Σb(6097)
± and Ξb(6227)−
can be well interpreted as P -wave bottom baryons of JP = 3/2−. In this paper we further studied
their decays accompanied by vector mesons, and we propose to search for a new state Ξb(5/2
−),
that is the JP = 5/2− partner state of the Ξb(6227)−, in the Ξb(5/2
−)→ Ξ∗b(3/2+)ρ→ Ξ∗b(3/2+)pipi
decay, whose width is extracted to be 5.1+5.6−4.0 keV.
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I. INTRODUCTION
In the past years important progress has been made
in the field of heavy baryons, and many heavy baryons
were observed in various experiments [2–9]. These
heavy baryons are interesting in a theoretical point of
view [11, 33, 35]: the light degrees of freedom (quarks
and gluons) circle around the nearly static heavy quark,
so that the whole system behaves as the QCD analogue
of the hydrogen bounded by electromagnetic interaction.
To understand them, various phenomenological models
have been applied, such as the relativized potential quark
model [13], the relativistic quark model [14], the con-
stituent quark model [15], the chiral quark model [16],
the heavy hadron chiral perturbation theory [17], the
hyperfine interaction [18, 19], the Feynman-Hellmann
theorem [20], the combined expansion in 1/mQ and
1/Nc [21], the pion induced reactions [22], the variational
approach [23], the relativistic flux tube model [24], the
Faddeev approach [25], the Regge trajectory [26], the ex-
tended local hidden gauge approach [27], the unitarized
dynamical model [28], and the unitarized chiral pertur-
bation theory [29], etc. We refer to reviews [30–35] for
their recent progress.
We have systematically applied the method of QCD
sum rules [36, 37] to study P -wave heavy baryons within
the heavy quark effective theory (HQET) [38–40]:
• In Refs. [41, 42] we systematically constructed all
the P -wave heavy baryon interpolating fields, and
applied them to study the mass spectrum of P -wave
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heavy baryons using the method of QCD sum rules
within HQET.
• In Ref. [43] we studied decay properties of P -
wave heavy baryons using the method of light-
cone sum rules still within HQET, including the S-
wave decays of the flavor 3¯F P -wave heavy baryons
into ground-state heavy baryons accompanied by
a pseudoscalar meson (pi or K) or a vector me-
son (ρ or K∗), and the S-wave decays of the flavor
6F P -wave heavy baryons into ground-state heavy
baryons accompanied by a pseudoscalar meson (pi
or K).
• In Ref. [1] we updated the above calculations to
investigate the Σb(6097)
± and Ξb(6227)− recently
observed by LHCb [7, 8], and interpreted them as
P -wave bottom baryons with the spin-parity quan-
tum number JP = 3/2−. We also partly stud-
ied their D-wave decays into ground-state bottom
baryons accompanied by a pseudoscalar meson (pi
or K), which were found to be important.
Similar methods were applied to study heavy mesons and
baryons in Refs. [44–60].
Very quickly, one notices that in order to make a com-
plete QCD sum rule studies of P -wave heavy baryons
within HQET,
• We still need to study the S-wave decays of the
flavor 6F P -wave heavy baryons into ground-state
heavy baryons accompanied by a vector meson (ρ
or K∗). This has not been investigated in Ref. [43].
• We still need to systematically study D-wave decay
properties of P -wave heavy baryons.
In the present study we will do the first step, that is to
study the S-wave decays of the flavor 6F P -wave heavy
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2baryons into ground-state heavy baryons accompanied
by a vector meson (ρ or K∗). We shall further apply
the obtained results to investigate the Σb(6097)
± and
Ξb(6227)
− [7, 8]. Our sum rule results obtained in Ref. [1]
suggest that they can be well interpreted as P -wave bot-
tom baryons of JP = 3/2−. This conclusion is supported
by Refs. [61–67], and we refer to Refs. [68–78] for more
discussions. Our results also suggest that they belong
to the bottom baryon doublet [6F , 2, 1, λ] (its definition
will be given below), which contains altogether six bot-
tom baryons, Σb(
3
2
−
/ 52
−
), Ξ′b(
3
2
−
/ 52
−
), and Ωb(
3
2
−
/ 52
−
).
We predicted the mass and decay width of the Ωb(3/2
−)
state to be
MΩb(3/2−) = 6.46± 0.12 GeV
ΓΩb(3/2−) = 58
+65
−33 MeV ,
and masses of the three JP = 5/2− states to be
MΣb(5/2−) = 6.11± 0.12 GeV ,
MΣb(5/2−) −MΣb(3/2−) = 13± 5 MeV ,
MΞ′b(5/2−) = 6.29± 0.11 GeV ,
MΞ′b(5/2−) −MΞ′b(3/2−) = 12± 5 MeV ,
MΩb(5/2−) = 6.47± 0.12 GeV ,
MΩb(5/2−) −MΩb(3/2−) = 11± 5 MeV .
These three JP = 5/2− states are probably quite narrow,
because their S-wave decays into ground-state bottom
baryons accompanied by pseudoscalar mesons (pi or K)
can not happen. Moreover, the widths of the following
D-wave decays are calculated to be zero in Ref. [1]:
(w′) ΓΣ−b (5/2−)→Λ0bpi− = 0 ,
(x′) ΓΞ′−b (5/2−)→Ξ0bpi− = 0 ,
(y′) ΓΞ′−b (5/2−)→Λ0bK− = 0 ,
(z′) ΓΩ−b (5/2−)→Ξ0bK− = 0 .
To further study their decay properties, in this paper
we shall investigate their S-wave decays into ground-
state heavy baryons accompanied by a vector meson (ρ
or K∗). Note that the D-wave decays, Σb(5/2
−
) →
Σ
(∗)
b pi, Ξ
′
b(5/2
−
) → Ξ′(∗)b pi, Ξ′b(5/2−) → Σ(∗)b K, and
Ωb(5/2
−
) → Ξ′(∗)b K, are also possible, which we shall
investigate in our further study.
This paper is organized as follows. In Sec. II we study
the S-wave decays of the flavor 6F P -wave heavy baryons
into ground-state heavy baryons accompanied by a vector
meson (ρ or K∗), separately in several subsections for the
four bottom baryon multiplets, [6F , 1, 0, ρ], [6F , 0, 1, λ],
[6F , 1, 1, λ], and [6F , 2, 1, λ]. A short summary is given
in Sec. III. Some parameters and formulae are given in
Appendix A and Appendix B.
II. DECAY PROPERTIES OF P -WAVE
BOTTOM BARYONS
At the beginning let us briefly introduce our notations.
A bottom baryon (bqq) consists of one bottom quark (b)
and two light quarks (qq), with the following symmetries:
• According to the Pauli principle, the total symme-
try of the two light quarks is antisymmetric.
• The color structure of the two light quarks is anti-
symmetric (3¯C).
• The SU(3) flavor structure of the two light quarks
is either antisymmetric (3¯F ) or symmetric (6F ).
• The spin structure of the two light quarks is either
antisymmetric (sl ≡ sqq = 0) or symmetric (sl =
1).
• The orbital structure of the P -wave bottom baryon
is either antisymmetric (ρ-type with lρ = 1 and
lλ = 0, meaning that the orbital excitation is be-
tween the two light quarks) or symmetric (λ-type
with lρ = 0 and lλ = 1, meaning that the orbital ex-
citation is between the bottom quark and the two-
light-quark system).
According to the above symmetries, one can categorize
the P -wave bottom baryons into eight baryon multi-
plets, as shown in Fig. 1. We denote these multiplets
as [F (flavor), jl, sl, ρ/λ], with jl the total angular mo-
mentum of the light components (jl = lλ ⊗ lρ ⊗ sl). Ev-
ery multiplet contains one or two bottom baryons, whose
total angular momenta are j = jl ⊗ sb = |jl ± 1/2|. Es-
pecially, the heavy quark effective theory tells that the
bottom baryons in the same doublet with j = jl − 1/2
and j = jl + 1/2 (when jl ≥ 1) have similar masses.
In this section we investigate the S-wave decays of the flavor 6F P -wave heavy baryons into ground-state heavy
baryons accompanied by a vector meson (ρ or K∗). To do this we use the method of light-cone sum rules within
HQET, and investigate the following decay channels:
(a1) Γ
[
Σb[1/2
−]→ Λb + ρ→ Λb + pi + pi
]
= Γ
[
Σ−b [1/2
−]→ Λ0b + pi0 + pi−
]
, (1)
(a2) Γ
[
Σb[1/2
−]→ Σb + ρ→ Σb + pi + pi
]
= 2× Γ
[
Σ−b [1/2
−]→ Σ0b + pi0 + pi−
]
, (2)
(a3) Γ
[
Σb[1/2
−]→ Σ∗b + ρ→ Σ∗b + pi + pi
]
= 2× Γ
[
Σ−b [1/2
−]→ Σ∗0b + pi0 + pi−
]
, (3)
3 3   (A)C
l  = 1 (A) 
l  = 0
s  = 0 (A)
l
l  = 0 (S) 
l  = 1
6   (S)F
s  = 1 (S)
l  3   (A)F
1
2l b1 b1 b1
3
2
1
2
3
2
1
2
3
2
F
1
2l b0
1
2b0
1
2l b1 b1
3
2
1
2
3
2
3
2l b2 b2
5
2
3
2
5
2
F
F
F
s  = 0 (A)
l
s  = 1 (S)
l  6   (S)F
1
2l b0
1
2
1
2b0 b0
1
2l b1 b1 b1
3
2
1
2
3
2
1
2
3
2
3
2l b2 b2 b2
5
2
3
2
5
2
3
2
5
2
1
2l b1 b1
3
2
1
2
3
2 F
F
F
F
 3   (A)F
FIG. 1: Categorization of P -wave bottom baryons. Taken from Ref. [1].
(b1) Γ
[
Ξ′b[1/2
−]→ Ξb + ρ→ Ξb + pi + pi
]
=
3
2
× Γ
[
Ξ′−b [1/2
−]→ Ξ0b + pi0 + pi−
]
, (4)
(b2) Γ
[
Ξ′b[1/2
−]→ Λb +K∗ → Λb +K + pi
]
=
3
2
× Γ
[
Ξ′−b [1/2
−]→ Λ0b +K0 + pi−
]
, (5)
(b3) Γ
[
Ξ′b[1/2
−]→ Ξ′b + ρ→ Ξ′b + pi + pi
]
=
3
2
× Γ
[
Ξ′−b [1/2
−]→ Ξ′0b + pi0 + pi−
]
, (6)
(b4) Γ
[
Ξ′b[1/2
−]→ Σb +K∗ → Σb +K + pi
]
=
9
2
× Γ
[
Ξ′−b [1/2
−]→ Σ0b +K0 + pi−
]
, (7)
(b5) Γ
[
Ξ′b[1/2
−]→ Ξ∗b + ρ→ Ξ∗b + pi + pi
]
=
3
2
× Γ
[
Ξ′−b [1/2
−]→ Ξ∗0b + pi0 + pi−
]
, (8)
(b6) Γ
[
Ξ′b[1/2
−]→ Σ∗b +K∗ → Σ∗b +K + pi
]
=
9
2
× Γ
[
Ξ′−b [1/2
−]→ Σ∗0b +K0 + pi−
]
, (9)
(c1) Γ
[
Ωb[1/2
−]→ Ξb +K∗ → Ξb +K + pi
]
= 3× Γ
[
Ω−b [1/2
−]→ Ξ0b +K0 + pi−
]
, (10)
(c2) Γ
[
Ωb[1/2
−]→ Ξ′b +K∗ → Ξ′b +K + pi
]
= 3× Γ
[
Ω−b [1/2
−]→ Ξ′0b +K0 + pi−
]
, (11)
(c3) Γ
[
Ωb[1/2
−]→ Ξ∗b +K∗ → Ξ∗b +K + pi
]
= 3× Γ
[
Ω−b [1/2
−]→ Ξ∗0b +K0 + pi−
]
, (12)
(d1) Γ
[
Σb[3/2
−]→ Λb + ρ→ Λb + pi + pi
]
= Γ
[
Σ−b [3/2
−]→ Λ0b + pi0 + pi−
]
, (13)
(d2) Γ
[
Σb[3/2
−]→ Σb + ρ→ Σb + pi + pi
]
= 2× Γ
[
Σ−b [3/2
−]→ Σ0b + pi0 + pi−
]
, (14)
(d3) Γ
[
Σb[3/2
−]→ Σ∗b + ρ→ Σ∗b + pi + pi
]
= 2× Γ
[
Σ−b [3/2
−]→ Σ∗0b + pi0 + pi−
]
, (15)
(e1) Γ
[
Ξ′b[3/2
−]→ Ξb + ρ→ Ξb + pi + pi
]
=
3
2
× Γ
[
Ξ′−b [3/2
−]→ Ξ0b + pi0 + pi−
]
, (16)
(e2) Γ
[
Ξ′b[3/2
−]→ Λb +K∗ → Λb +K + pi
]
=
3
2
× Γ
[
Ξ′−b [3/2
−]→ Λ0b +K0 + pi−
]
, (17)
(e3) Γ
[
Ξ′b[3/2
−]→ Ξ′b + ρ→ Ξ′b + pi + pi
]
=
3
2
× Γ
[
Ξ′−b [3/2
−]→ Ξ′0b + pi0 + pi−
]
, (18)
(e4) Γ
[
Ξ′b[3/2
−]→ Σ′b +K∗ → Σ′b +K + pi
]
=
9
2
× Γ
[
Ξ′−b [3/2
−]→ Σ′0b +K0 + pi−
]
, (19)
(e5) Γ
[
Ξ′b[3/2
−]→ Ξ∗b + ρ→ Ξ∗b + pi + pi
]
=
3
2
× Γ
[
Ξ′−b [3/2
−]→ Ξ∗0b + pi0 + pi−
]
, (20)
(e6) Γ
[
Ξ′b[3/2
−]→ Σ∗b +K∗ → Σ∗b +K + pi
]
=
9
2
× Γ
[
Ξ′−b [3/2
−]→ Σ∗0b +K0 + pi−
]
, (21)
(f1) Γ
[
Ωb[3/2
−]→ Ξb +K∗ → Ξb +K + pi
]
= 3× Γ
[
Ω−b [3/2
−]→ Ξ0b +K0 + pi−
]
, (22)
4(f2) Γ
[
Ωb[3/2
−]→ Ξ′b +K∗ → Ξ′b +K + pi
]
= 3× Γ
[
Ω−b [3/2
−]→ Ξ′0b +K0 + pi−
]
, (23)
(f3) Γ
[
Ωb[3/2
−]→ Ξ∗b +K∗ → Ξ∗b +K + pi
]
= 3× Γ
[
Ω−b [3/2
−]→ Ξ∗0b +K0 + pi−
]
, (24)
(g1) Γ
[
Σb[5/2
−]→ Σ∗b + ρ→ Σ∗b + pipi
]
= 2× Γ
[
Σ−b [5/2
−]→ Σ∗0b + pi0 + pi−
]
, (25)
(h1) Γ
[
Ξ′b[5/2
−]→ Σ∗b +K∗ → Σ∗b +K + pi
]
=
9
2
× Γ
[
Ξ′−b [5/2
−]→ Σ∗0b +K0 + pi−
]
, (26)
(h2) Γ
[
Ξ′b[5/2
−]→ Ξ∗b + ρ→ Ξ∗b + pi + pi
]
=
3
2
× Γ
[
Ξ′−b [5/2
−]→ Ξ∗0b + pi0 + pi−
]
, (27)
(i1) Γ
[
Ωb[5/2
−]→ Ξ∗b +K∗ → Ξ∗b +K + pi
]
= 3× Γ
[
Ω−b [5/2
−]→ Ξ∗0b +K0 + pi−
]
. (28)
We can calculate their decay widths through the follow-
ing Lagrangians
LXb(1/2−)→Yb(1/2+)V = gX¯b(1/2−)γµγ5Yb(1/2+)V µ ,
LXb(1/2−)→Yb(3/2+)V = gX¯b(1/2−)Y µb (3/2+)Vµ ,
LXb(3/2−)→Yb(1/2+)V = gX¯µb (3/2−)Yb(1/2+)Vµ ,
LXb(3/2−)→Yb(3/2+)V = gX¯νb (3/2−)γµγ5Ybν(3/2+)V µ ,
LXb(5/2−)→Yb(3/2+)V = gX¯µνb (5/2−)Ybµ(3/2+)Vν
+ gX¯νµb (5/2
−)Ybµ(3/2+)Vν ,
where X
(µν)
b , Y
(µ)
b , and V
µ denotes the P -wave bottom
baryon, ground-state bottom baryon, and vector meson,
respectively.
As an example, we study the S-wave decay of
Σ−b (1/2
−
) belonging to [6F , 1, 0, ρ] into Λ
0
b(1/2
+) and
ρ−(1−) in the next subsection, and investigate the
four bottom baryon multiplets, [6F , 1, 0, ρ], [6F , 0, 1, λ],
[6F , 1, 1, λ], and [6F , 2, 1, λ], separately in the following
subsections.
A. Σ−b (1/2
−) of [6F , 1, 0, ρ] decaying into Λ0b(1/2
+)
and ρ−(1−)
In this subsection we study the S-wave decay of the
Σ−b (1/2
−
) belonging to [6F , 1, 0, ρ] into Λ
0
b(1/2
+) and
ρ−(1−). To do this we consider the following three-point
correlation function:
Π(ω, ω′) =
∫
d4x e−ik·x 〈0|J1/2,−,Σ−b ,1,0,ρ(0)J¯Λ0b (x)|ρ
−〉
=
1 + v/
2
GΣ−b [
1
2
−]→Λ0bρ−(ω, ω
′) . (29)
Here k′ = k + q, ω = v · k, and ω′ = v · k′.
At the hadronic level, we write GΣ−b [
1
2
−]→Λ0bρ− as:
GΣ−b [
1
2
−]→Λ0bρ−(ω, ω
′) = gΣ−b [ 12−]→Λ0bρ− ×
fΣ−b [
1
2
−]fΛ0b
(Λ¯Σ−b [
1
2
−] − ω′)(Λ¯Λ0b − ω)
. (30)
At the quark and gluon level, we calculate GΣ−b [
1
2
−]→Λ0bρ− using the method of operator product expansion (OPE):
GΣ−b [
1
2
−]→Λ0bρ−(ω, ω
′) = gΣ−b [ 12−]→Λ0bρ− ×
fΣ−b [
1
2
−]fΛ0b
(Λ¯Σ−b [
1
2
−] − ω′)(Λ¯Λ0b − ω)
(31)
=
∫ ∞
0
dt
∫ 1
0
duei(1−u)ω
′teiuωt × 8×
( if⊥ρ m2ρ
48
〈q¯q〉ψ||3;ρ(u) +
if
||
ρm3ρ
8pi2t4(v · q)2φ
||
2;ρ(u)
− if
||
ρm3ρ
4pi2t4(v · q)2φ
⊥
3;ρ(u) +
if
||
ρm3ρ
8pi2t4(v · q)2ψ
||
4;ρ(u)−
if
||
ρmρ
4pi2t4
φ
||
2;ρ(u) +
if
||
ρmρ
2pi2t4
φ⊥3;ρ(u)
+
if⊥ρ m
2
ρt
2
768
〈gsq¯σGq〉ψ||3;ρ(u)−
if
||
ρm3ρ
64pi2t2
φ
||
4;ρ(u)
)
−
∫ ∞
0
dt
∫ 1
0
du
∫
Dαeiω′t(α2+uα3)eiωt(1−α2−uα3) ×
( if ||ρm3ρ
8pi2t2
Φ
||
4;ρ(α) +
if
||
ρm3ρ
8pi2t2
Φ˜
||
4;ρ(α)
+
if
||
ρm3ρ
16pi2t2
Ψ
||
4;ρ(α) +
if
||
ρm3ρ
16pi2t2
Ψ˜
||
4;ρ(α) +
if
||
ρm3ρu
4pi2t2
Φ
||
4;ρ(α) +
if
||
ρm3ρu
8pi2t2
Ψ
||
4;ρ(α)
)
.
5More examples can be found in Appendix B. Then we perform the double Borel transformation, and obtain:
gΣ−b [
1
2
−]→Λ0bρ−fΣ−b [ 12−]fΛ0be
−
Λ¯
Σ
−
b
[ 1
2
−
]
T1 e−
Λ¯
Λ0
b
T2 (32)
= 8×
(−f⊥ρ m2ρ
48
〈q¯q〉Tf0(ωc
T
)ψ
||
3;ρ(u0)−
f
||
ρm3ρ
8pi2
T 3f2(
ωc
T
)
∫ u0
0
du1
∫ u1
0
du2φ
||
2;ρ(u2)
+
f
||
ρm3ρ
4pi2
T 3f2(
ωc
T
)
∫ u0
0
du1
∫ u1
0
du2φ
⊥
3;ρ(u2)−
f
||
ρm3ρ
8pi2
T 3f2(
ωc
T
)
∫ u0
0
du1
∫ u1
0
du2ψ
||
4;ρ(u2)
+
f
||
ρmρ
4pi2
T 5f4(
ωc
T
)φ
||
2;ρ(u0)−
f
||
ρmρ
2pi2
T 5f4(
ωc
T
)φ⊥3;ρ(u0) +
f⊥ρ m
2
ρ
768
〈gsq¯σGq〉 1
T
ψ
||
3;ρ(u0)−
f
||
ρm3ρ
64
T 3f2(
ωc
T
)φ
||
4;ρ(u0)
)
−
(f ||ρm3ρ
8pi2
T 3f2(
ωc
T
)
∫ 1
2
0
dα2
∫ 1−α2
1
2−α2
dα3
1
α3
Φ
||
4;ρ(α) +
f
||
ρm3ρ
8pi2
T 3f2(
ωc
T
)
∫ 1
2
0
dα2
∫ 1−α2
1
2−α2
dα3
1
α3
Φ˜
||
4;ρ(α)
+
f
||
ρm3ρ
16pi2
T 3f2(
ωc
T
)
∫ 1
2
0
dα2
∫ 1−α2
1
2−α2
dα3
1
α3
Ψ
||
4;ρ(α) +
f
||
ρm3ρ
16pi2
T 3f2(
ωc
T
)
∫ 1
2
0
dα2
∫ 1−α2
1
2−α2
dα3
1
α3
Ψ˜
||
4;ρ(α)
+
f
||
ρm3ρu
4pi2
T 3f2(
ωc
T
)
∫ 1
2
0
dα2
∫ 1−α2
1
2−α2
dα3
1
α3
Φ
||
4;ρ(α) +
f
||
ρm3ρu
8pi2
T 3f2(
ωc
T
)
∫ 1
2
0
dα2
∫ 1−α2
1
2−α2
dα3
1
α3
Ψ
||
4;ρ(α)
)
.
In the above expression ω and ω′ are transformed to be
T1 and T2; fn(x) ≡ 1−e−x
∑n
k=0
xk
k! ; we choose the sym-
metric point T1 = T2 = 2T so that u0 =
1
2 . The explicit
forms of the light-cone distribution amplitudes contained
in the above expressions can be found in Refs. [79–86]. In
this paper we use the following values for various conden-
sates, which are evaluated at the renormalization scale
2 GeV [2, 87–94]:
〈q¯q〉 = −(0.24± 0.01 GeV)3 ,
〈s¯s〉 = (0.8± 0.1)× 〈q¯q〉 ,
〈gsq¯σGq〉 = M20 × 〈q¯q〉 ,
〈gss¯σGs〉 = M20 × 〈s¯s〉 ,
M20 = 0.8 GeV
2 ,
〈g2sGG〉 = (0.48± 0.14) GeV4 . (33)
Finally, we choose ωc = 1. 485GeV to be the average
of the threshold values of the Σb(1/2
−) and Λ0b mass sum
rules (see Appendix A and Ref. [1] for the parameters of
the Σb(1/2
−) and Λ0b), and extract the coupling constant
gΣ−b [
1
2
−]→Λ0bρ− to be
gΣ−b [
1
2
−]→Λ0bρ− (34)
= 0.17 +0.22−0.22 = 0.17
+0.01
−0.00
+0.06
−0.05
+0.06
−0.05
+0.20
−0.20 ,
where the uncertainties are due to the Borel mass, the
parameters of the Λ0b , the parameters of the Σ
−
b [
1
2
−
], and
various quarks masses and condensates listed in Eq. (33),
respectively. We show gΣ−b [
1
2
−]→Λ0bρ− in Fig. 2(a) as a
function of the Borel mass T , and find that it only slightly
depends on the Borel mass.
The two-body decay Σ−b (1/2
−
) → Λ0bρ− is kinemati-
cally forbidden, but the three-body decay Σ−b (1/2
−
) →
Λ0bρ
− → Λ0bpi0pi− is kinematically allowed, whose decay
amplitude is
M (0→ 3 + 4→ 3 + 2 + 1) (35)
≡ M
(
Σ−b (1/2
−
)→ Λ0b + ρ− → Λ0b + pi0 + pi−
)
= g0→3+4 × g4→2+1 × u¯0γµγ5u3 ×
(
gµν − p4,µp4,ν
m24
)
× 1
p24 −m24 + im4Γ4
× (p1,ν + p2,ν) .
Here 0 denotes the initial state Σ−b (1/2
−
); 4 denotes
the intermediate state ρ−; 1, 2 and 3 denote the finial
states pi−, pi0 and Λ0b , respectively. See Appendix A and
Ref. [43] for the parameters of the ρ and K∗ mesons.
This amplitude can be used to further calculate its decay
width
Γ (0→ 3 + 4→ 3 + 2 + 1) (36)
≡ Γ
(
Σ−b (1/2
−
)→ Λ0b + ρ− → Λ0b + pi0 + pi−
)
=
1
(2pi)3
1
32m30
× g20→3+4 × g24→2+1 ×
∫
dm12dm23
× 1
2
Tr
[
(p/3 +m3) γµ′γ5 (p/0 +m0) γµγ5
]
×
(
gµν − p4,µp4,ν
m24
)(
gµ′ν′ − p4,µ
′p4,ν′
m24
)
× (p1,ν + p2,ν) (p1,ν′ + p2,ν′)|p24 −m24 + im4Γ4|2
,
so that the width of the Σ−b (1/2
−
) → Λ0bρ− → Λ0bpi0pi−
decay is evaluated to be
ΓΣ−b [
1
2
−]→Λ0bρ−→Λ0bpi0pi− (37)
= 13.5 +45.3−25.8 keV = 13.5
+1.6
−0.0
+11.7
−6.9
+10.2
−7.6
+42.5
−23.7 keV .
6In the following subsections we follow the same pro-
cedures to separately study the four bottom baryon
multiplets, [6F , 1, 0, ρ], [6F , 0, 1, λ], [6F , 1, 1, λ], and
[6F , 2, 1, λ].
B. The bottom baryon doublet [6F , 1, 0, ρ]
The bottom baryon doublet [6F , 1, 0, ρ] consists of six
members: Σb(
1
2
−
/ 32
−
), Ξ′b(
1
2
−
/ 32
−
), and Ωb(
1
2
−
/ 32
−
). We
use the method of light-cone sum rules within HQET to
study their decays into ground-state bottom baryons ac-
companied by a vector meson (ρ or K∗). There are alto-
gether twenty-four non-vanishing decay channels, whose
coupling constants are extracted to be
(a1) gΣb[ 12
−]→Λb[ 12 +]ρ = 0.17 ,
(a2) gΣb[ 12
−]→Σb[ 12 +]ρ = 0.35 ,
(a3) gΣb[ 12
−]→Σ∗b [ 32 +]ρ = 0.20 ,
(b1) gΞ′b[
1
2
−]→Ξb[ 12 +]ρ = 0.03 ,
(b2) gΞ′b[
1
2
−]→Λb[ 12 +]K∗ = 0.31 ,
(b3) gΞ′b[
1
2
−]→Ξ′b[ 12 +]ρ = 0.24 ,
(b4) gΞ′b[
1
2
−]→Σb[ 12 +]K∗ = 0.38 ,
(b5) gΞ′b[
1−]→Ξ∗b [ 32 +]ρ = 0.14 ,
(b6) gΞ′b[
1
2
−]→Σ∗b [ 32 +]K∗ = 0.22 ,
(c1) gΩb[ 12
−]→Ξb[ 12 +]K∗ = 0.24 ,
(c2) gΩb[ 1−]→Ξ′b[ 12 +]K∗ = 0.49 ,
(c3) gΩb[ 1−]→Ξ∗b [ 32 +]K∗ = 0.28 ,
(d1) gΣb[ 32
−]→Λb[ 12 +]ρ = 0.29 , (38)
(d2) gΣb[ 32
−]→Σb[ 12 +]ρ = 0.19 ,
(d3) gΣb[ 32
−]→Σ∗b [ 32 +]ρ = 0.24 ,
(e1) gΞ′b[
3
2
−]→Ξb[ 12 +]ρ = 0.06 ,
(e2) gΞ′b[
3
2
−]→Λb[ 12 +]K∗ = 0.42 ,
(e3) gΞ′b[
3
2
−]→Ξ′b[ 12 +]ρ = 0.14 ,
(e4) gΞ′b[
3
2
−]→Σb[ 12 +]K∗ = 0.22 ,
(e5) gΞ′b[
3
2
−]→Ξ∗b [ 32 +]ρ = 0.16 ,
(e6) gΞ′b[
3
2
−]→Σ∗b [ 32 +]K∗ = 0.25 ,
(f1) gΩb[ 32
−]→Ξb[ 12 +]K∗ = 0.34 ,
(f2) gΩb[ 32
−]→Ξ′b[ 12 +]K∗ = 0.28 ,
(f3) gΩb[ 32
−]→Ξ∗b [ 32 +]K∗ = 0.33 .
Then we compute the three-body decay widths which
are kinematically allowed, meaning that the mass of the
initial baryon is larger than the sum of the masses of
three particles in the final state:
(a1) ΓΣb[ 12
−]→Λb[ 12 +]ρ→Λb[ 12 +]pipi = 13.5 keV ,
(a2) ΓΣb[ 12
−]→Σb[ 12 +]ρ→Σb[ 12 +]pipi = 3.8× 10
−3 keV ,
(b1) ΓΞ′b[
1
2
−]→Ξb[ 12 +]ρ→Ξb[ 12 +]pipi = 0.2 keV ,
(b3) ΓΞ′b[
1
2
−]→Ξ′b[ 12 +]ρ→Ξ′b[ 12 +]pipi = 8.9× 10
−3 keV ,
(d1) ΓΣb[ 32
−]→Λb[ 12 +]ρ→Λb[ 12 +]pipi = 6.5 keV , (39)
(d2) ΓΣb[ 32
−]→Σb[ 12 +]ρ→Σb[ 12 +]pipi = 3.7× 10
−4 keV ,
(e1) ΓΞ′b[
3
2
−]→Ξb[ 12 +]ρ→Ξb[ 12 +]pipi = 0.3 keV ,
(e3) ΓΞ′b[
3
2
−]→Ξ′b[ 12 +]ρ→Ξ′b[ 12 +]pipi = 9.9× 10
−4 keV .
We summarize these results in Table I. For completeness,
we also show the coupling constants as functions of the
Borel mass T in Fig. 2.
C. The bottom baryon singlet [6F , 0, 1, λ]
The bottom baryon doublet [6F , 1, 0, ρ] consists of
three members: Σb(
1
2
−
), Ξ′b(
1
2
−
), and Ωb(
1
2
−
). We use
the method of light-cone sum rules within HQET to
study their decays into ground-state bottom baryons ac-
companied by a vector meson (ρ or K∗). There are al-
together eight non-vanishing decay channels, whose cou-
pling constants are extracted to be
(a2) gΣb[ 12
−]→Σb[ 12 +]ρ = 2.25 ,
(a3) gΣb[ 12
−]→Σ∗b [ 32 +]ρ = 7.74 ,
(b3) gΞ′b[
1
2
−]→Ξ′b[ 12 +]ρ = 1.58 ,
(b4) gΞ′b[
1
2
−]→Σb[ 12 +]K∗ = 1.77 , (40)
(b5) gΞ′b[
1
2
−]→Ξ∗b [ 32 +]ρ = 5.70 ,
(b6) gΞ′b[
1
2
−]→Σ∗b [ 32 +]K∗ = 5.77 ,
(c2) gΩb[ 12
−]→Ξ′b[ 12 +]K∗ = 2.37 ,
(c3) gΩb[ 12
−]→Ξ∗b [ 32 +]K∗ = 8.18 .
Then we compute the three-body decay widths which are
kinematically allowed:
(a2) ΓΣb[ 12
−]→Σb[ 12 +]ρ→Σb[ 12 +]pipi = 0.1 keV , (41)
(b3) ΓΞ′b[
1
2
−]→Ξ′b[ 12 +]ρ→Ξ′b[ 12 +]pipi = 0.4 keV .
We summarize these results in Table II. For complete-
ness, we also show the coupling constants as functions of
the Borel mass T in Fig. 3.
D. The bottom baryon doublet [6F , 1, 1, λ]
The bottom baryon doublet [6F , 1, 1, λ] consists of six
members: Σb(
1
2
−
/ 32
−
), Ξ′b(
1
2
−
/ 32
−
), and Ωb(
1
2
−
/ 32
−
). We
use the method of light-cone sum rules within HQET to
study their decays into ground-state bottom baryons ac-
companied by a vector meson (ρ or K∗). There are alto-
gether twenty-four non-vanishing decay channels, whose
7TABLE I: S-wave decays of the P -wave bottom baryons belonging to the bottom baryon doublet [6F , 1, 0, ρ] into ground-state
bottom baryons accompanied by a vector meson (ρ or K∗).
Decay channels Coupling constant g Partial width Total width
(a1) Σb(
1
2
−
)→ Λb( 12
+
)ρ→ Λb( 12
+
)pipi 0.17 13.5 keV
13.5 MeV
(a2) Σb(
1
2
−
)→ Σb( 12
+
)ρ→ Σb( 12
+
)pipi 0.35 3.8× 10−3 keV
(b1) Ξ′b(
1
2
−
)→ Ξb( 12
+
)ρ→ Ξb( 12
+
)pipi 0.03 0.2 keV
0.2 keV
(b3) Ξ′b(
1
2
−
)→ Ξ′b( 12
+
)ρ→ Ξ′b( 12
+
)pipi 0.24 8.9× 10−3 keV
(d1) Σb(
3
2
−
)→ Λb( 12
+
)ρ→ Λb( 12
+
)pipi 0.29 6.5 keV
6.5 keV
(d2) Σb(
3
2
−
)→ Σb( 12
+
)ρ→ Σb( 12
+
)pipi 0.19 3.7× 10−4 keV
(e1) Ξ′b(
3
2
−
)→ Ξb( 12
+
)ρ→ Ξb( 12
+
)pipi 0.06 0.3 keV
0.3 keV
(e3) Ξ′b(
3
2
−
)→ Ξ′b( 12
+
)ρ→ Ξ′b( 12
+
)pipi 0.14 9.9× 10−4 keV
TABLE II: S-wave decays of the P -wave bottom baryons belonging to the bottom baryon doublet [6F , 0, 1, λ] into ground-state
bottom baryons accompanied by a vector meson (ρ or K∗).
Decay channels Coupling constant g Partial width Total width
(a2) Σb(
1
2
−
)→ Σb( 12
+
)ρ→ Σb( 12
+
)pipi 2.24 0.1 keV 0.1 keV
(b3) Ξ′b(
1
2
−
)→ Ξ′b( 12
+
)ρ→ Ξ′b( 12
+
)pipi 1.58 0.4 keV 0.4 keV
coupling constants are extracted to be
(a1) gΣb[ 12
−]→Λb[ 12 +]ρ = 0.83 ,
(a2) gΣb[ 12
−]→Σb[ 12 +]ρ = 2.21 ,
(a3) gΣb[ 12
−]→Σ∗b [ 32 +]ρ = 1.28 ,
(b1) gΞ′b[
1
2
−]→Ξb[ 12 +]ρ = 0.59 ,
(b2) gΞ′b[
1
2
−]→Λb[ 12 +]K∗ = 1.60 ,
(b3) gΞ′b[
1
2
−]→Ξ′b[ 12 +]ρ = 1.45 ,
(b4) gΞ′b[
1
2
−]→Σb[ 12 +]K∗ = 0.13 ,
(b5) gΞ′b[
1−]→Ξ∗b [ 32 +]ρ = 0.84 ,
(b6) gΞ′b[
1
2
−]→Σ∗b [ 32 +]K∗ = 0.08 ,
(c1) gΩb[ 12
−]→Ξb[ 12 +]K∗ = 2.25 ,
(c2) gΩb[ 1−]→Ξ′b[ 12 +]K∗ = 0.17 ,
(c3) gΩb[ 1−]→Ξ∗b [ 32 +]K∗ = 0.10 ,
(d1) gΣb[ 32
−]→Λb[ 12 +]ρ = 1.62 , (42)
(d2) gΣb[ 32
−]→Σb[ 12 +]ρ = 0.90 ,
(d3) gΣb[ 32
−]→Σ∗b [ 32 +]ρ = 1.48 ,
(e1) gΞ′b[
3
2
−]→Ξb[ 12 +]ρ = 0.57 ,
(e2) gΞ′b[
3
2
−]→Λb[ 12 +]K∗ = 1.31 ,
(e3) gΞ′b[
3
2
−]→Ξ′b[ 12 +]ρ = 0.84 ,
(e4) gΞ′b[
3
2
−]→Σb[ 12 +]K∗ = 0.08 ,
(e5) gΞ′b[
3
2
−]→Ξ∗b [ 32 +]ρ = 0.97 ,
(e6) gΞ′b[
3
2
−]→Σ∗b [ 32 +]K∗ = 0.09 ,
(f1) gΩb[ 32
−]→Ξb[ 12 +]K∗ = 1.61 ,
(f2) gΩb[ 32
−]→Ξ′b[ 12 +]K∗ = 0.10 ,
(f3) gΩb[ 32
−]→Ξ∗b [ 32 +]K∗ = 0.12 .
Then we compute the three-body decay widths which are
kinematically allowed:
(a1) ΓΣb[ 12
−]→Λb[ 12 +]ρ→Λb[ 12 +]pipi = 316.3 keV ,
(a2) ΓΣb[ 12
−]→Σb[ 12 +]ρ→Σb[ 12 +]pipi = 0.1 keV ,
(b1) ΓΞ′b[
1
2
−]→Ξb[ 12 +]ρ→Ξb[ 12 +]pipi = 96.5 keV ,
(b3) ΓΞ′b[
1
2
−]→Ξ′b[ 12 +]ρ→Ξ′b[ 12 +]pipi = 0.3 keV ,
(d1) ΓΣb[ 32
−]→Λb[ 12 +]ρ→Λb[ 12 +]pipi = 388.4 keV , (43)
(d2) ΓΣb[ 32
−]→Σb[ 12 +]ρ→Σb[ 12 +]pipi = 5.4× 10
−3 keV ,
(e1) ΓΞ′b[
3
2
−]→Ξb[ 12 +]ρ→Ξb[ 12 +]pipi = 29.1 keV ,
(e3) ΓΞ′b[
3
2
−]→Ξ′b[ 12 +]ρ→Ξ′b[ 12 +]pipi = 3.6× 10
−2 MeV .
We summarize these results in Table III. For complete-
ness, we also show the coupling constants as functions of
the Borel mass T in Fig. 4.
8TABLE III: S-wave decays of the P -wave bottom baryons belonging to the bottom baryon doublet [6F , 1, 1, λ] into ground-state
bottom baryons accompanied by a vector meson (ρ or K∗).
Decay channels Coupling constant g Partial width Total width
(a1) Σb(
1
2
−
)→ Λb( 12
+
)ρ→ Λb( 12
+
)pipi 0.83 316.3 keV
316.4 keV
(a2) Σb(
1
2
−
)→ Σb( 12
+
)ρ→ Σb( 12
+
)pipi 2.21 0.1 keV
(b1) Ξ′b(
1
2
−
)→ Ξb( 12
+
)ρ→ Ξb( 12
+
)pipi 0.59 96.5 keV
96.8 keV
(b3) Ξ′b(
1
2
−
)→ Ξ′b( 12
+
)ρ→ Ξ′b( 12
+
)pipi 1.45 0.3 keV
(d1) Σb(
3
2
−
)→ Λb( 12
+
)ρ→ Λb( 12
+
)pipi 1.62 388.4 keV
388.4 keV
(d2) Σb(
3
2
−
)→ Σb( 12
+
)ρ→ Σb( 12
+
)pipi 0.90 5.4× 10−3 keV
(e1) Ξ′b(
3
2
−
)→ Ξb( 12
+
)ρ→ Ξb( 12
+
)pipi 0.57 29.1 keV
29.1 keV
(e3) Ξ′b(
3
2
−
)→ Ξ′b( 12
+
)ρ→ Ξ′b( 12
+
)pipi 0.84 3.6× 10−2 keV
TABLE IV: S-wave decays of the P -wave bottom baryons belonging to the bottom baryon doublet [6F , 2, 1, λ] into ground-state
bottom baryons accompanied by a vector meson (ρ or K∗).
Decay channels Coupling constant g Partial width Total width
(d2) Σb(
3
2
−
)→ Σb( 12
+
)ρ→ Σb( 12
+
)pipi 5.90 +3.56−3.08 0.2
+0.3
−0.2 keV 0.2
+0.3
−0.2 keV
(e3) Ξ′b(
3
2
−
)→ Ξ′b( 12
+
)ρ→ Ξ′b( 12
+
)pipi 4.23 +2.42−2.13 0.9
+1.2
−0.8 keV 0.9
+1.2
−0.8 keV
(g1) Σb(
5
2
−
)→ Σ∗b( 32
+
)ρ→ Σ∗b( 32
+
)pipi 3.78 +1.99−1.17
(
2.7 +3.1−2.1
)× 10−3 keV (2.7 +3.1−2.1)× 10−3 keV
(h2) Ξb(
5
2
−
)→ Ξ∗b( 32
+
)ρ→ Ξ∗b( 32
+
)pipi 4.09 +2.08−1.72 5.1
+5.6
−4.0 keV 5.1
+5.6
−4.0 keV
E. The bottom baryon doublet [6F , 2, 1, λ]
The bottom baryon doublet [6F , 2, 1, λ] consists of six
members: Σb(
3
2
−
/ 52
−
), Ξ′b(
3
2
−
/ 52
−
), and Ωb(
3
2
−
/ 52
−
). We
use the method of light-cone sum rules within HQET
to study their decays into ground-state bottom baryons
accompanied by a vector meson (ρ or K∗). There are
altogether twelve non-vanishing decay channels, whose
coupling constants are extracted to be
(d2) gΣb[ 32
−]→Σb[ 12 +]ρ = 5.90
+3.56
−3.08 ,
(d3) gΣb[ 32
−]→Σ∗b [ 32 +]ρ = 0.69
+0.32
−0.23 ,
(e3) gΞ′b[
3
2
−]→Ξ′b[ 12 +]ρ = 4.23
+2.42
−2.13 ,
(e4) gΞ′b[
3
2
−]→Σb[ 12 +]K∗ = 3.17
+2.37
−2.19 ,
(e5) gΞ′b[
3
2
−]→Ξ∗b [ 32 +]ρ = 0.50
+0.28
−0.24 ,
(e6) gΞ′b[
3
2
−]→Σ∗b [ 32 +]K∗ = 0.40
+0.28
−0.26 ,
(f2) gΩb[ 32
−]→Ξ′b[ 12 +]K∗ = 4.56
+3.16
−2.96 , (44)
(f3) gΩb[ 32
−]→Ξ∗b [ 32 +]K∗ = 0.60
+0.38
−0.35 ,
(g1) gΣb[ 52
−]→Σ∗b [ 32 +]ρ = 3.78
+1.99
−1.17 ,
(h1) gΞ′b[
5
2
−]→Ξ∗b [ 32 +]ρ = 4.09
+2.08
−1.72 ,
(h2) gΞ′b[
5
2
−]→Σ∗b [ 32 +]K∗ = 2.15
+1.31
−1.17 ,
(i1) gΩb[ 52
−]→Ξ∗b [ 32 +]K∗ = 6.36
+1.77
−2.72 .
Then we compute the three-body decay widths which are
kinematically allowed:
(d2) ΓΣb[ 32
−]→Σb[ 12 +]ρ→Σb[ 12 +]pipi = 0.2
+0.3
−0.2 keV ,
(e3) ΓΞ′b[
3
2
−]→Ξ′b[ 12 +]ρ→Ξ′b[ 12 +]pipi = 0.9
+1.2
−0.8 keV , (45)
(g1) ΓΣb[ 52
−]→Σ∗b [ 32 +]ρ→Σ∗b [ 32 +]pipi = 2.7
+3.1
−2.1 × 10−3 keV ,
(h2) ΓΞ′b[
5
2
−]→Ξ∗b [ 32 +]ρ→Ξ∗b [ 32 +]pipi = 5.1
+5.6
−4.0 keV .
We summarize these results in Table IV. For complete-
ness, we also show the coupling constants as functions of
the Borel mass T in Fig. 5.
III. SUMMARY AND DISCUSSIONS
To summarize this paper, we have used the method of
light-cone sum rules within heavy quark effective theory
to study decay properties of P -wave bottom baryons be-
longing to the flavor 6F representation. We have studied
their S-wave decays into ground-state bottom baryons
accompanied by vector mesons (ρ or K∗). The possi-
ble decay channels are given in Eqs. (1-28), and the ex-
tracted decay widths are listed in Tables I, II, III, and IV.
These results are obtained separately for the four bottom
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Σ−
b
[ 1
2
−
]→Σ0
b
ρ− , (b) gΞ′−
b
[ 1
2
−
]→Ξ′0
b
ρ− as functions of the Borel mass T . Here the baryons
Σb(
1
2
−
) and Ξ′b(
1
2
−
) belong to the bottom baryon singlet [6F , 0, 1, λ].
baryon multiplets of flavor 6F : [6F , 1, 0, ρ], [6F , 0, 1, λ],
[6F , 1, 1, λ], and [6F , 2, 1, λ].
In Ref. [1] we have studied the mass spectrum and pio-
nic decay properties of the Σb(6097)
± and Ξb(6227)− [7,
8]. Our results suggest that they can be well interpreted
as P -wave bottom baryons of JP = 3/2−, belonging
to the bottom baryon doublet [6F , 2, 1, λ]. This dou-
blet contains altogether six bottom baryons, Σb(
3
2
−
/ 52
−
),
Ξ′b(
3
2
−
/ 52
−
), and Ωb(
3
2
−
/ 52
−
). In the present study we
further investigate their S-wave decays into ground-state
bottom baryons accompanied by vector mesons (ρ or
K∗), and extract:
(d2) ΓΣb[ 32
−]→Σb[ 12 +]ρ→Σb[ 12 +]pipi = 0.2
+0.3
−0.2 keV ,
(e3) ΓΞ′b[
3
2
−]→Ξ′b[ 12 +]ρ→Ξ′b[ 12 +]pipi = 0.9
+1.2
−0.8 keV ,
(g1) ΓΣb[ 52
−]→Σ∗b [ 32 +]ρ→Σ∗b [ 32 +]pipi = 2.7
+3.1
−2.1 × 10−3keV ,
(h2) ΓΞ′b[
5
2
−]→Ξ∗b [ 32 +]ρ→Ξ∗b [ 32 +]pipi = 5.1
+5.6
−4.0 keV .
Hence, these three JP = 5/2− states are probably quite
narrow, because their S-wave decays into ground-state
bottom baryons accompanied by pseudoscalar mesons (pi
or K) can not happen, and the widths of the following
D-wave decays are also calculated to be zero in Ref. [1]:
ΓΣ−b (5/2
−)→Λ0bpi− = 0 ,
ΓΞ′−b (5/2
−)→Ξ0bpi− = 0 ,
ΓΞ′−b (5/2
−)→Λ0bK− = 0 ,
ΓΩ−b (5/2
−)→Ξ0bK− = 0 .
However, their D-wave decays, Σb(5/2
−
) → Σ(∗)b pi,
Ξ′b(5/2
−
) → Ξ′(∗)b pi, Ξ′b(5/2−) → Σ(∗)b K, and
Ωb(5/2
−
) → Ξ′(∗)b K, are still possible and may be non-
vanishing. We shall investigate them in our further study.
We suggest the LHCb and Belle/Belle-II experiments
to search for these three narrow states through the above
decay channels. Especially, we propose to search for
the Ξb(5/2
−
), that is the JP = 5/2− partner state
of the Ξb(6227)
−, in the Ξb(5/2
−
) → Ξ∗b(3/2+)ρ →
Ξ∗b(3/2
+
)pipi decay. The width of this decay is predicted
to be 5.1+5.6−4.0 keV.
To end this work, we note that in the present study
we have studied the S-wave decays of the flavor 6F P -
wave heavy baryons into ground-state heavy baryons ac-
companied by a vector meson (ρ or K∗), which is ac-
tually a complement to Ref. [43], where we studied the
S-wave decays of the flavor 3¯F P -wave heavy baryons
into ground-state heavy baryons accompanied by a pseu-
doscalar meson (pi or K) or a vector meson (ρ or K∗),
and the S-wave decays of the flavor 6F P -wave heavy
baryons into ground-state heavy baryons accompanied
by a pseudoscalar meson (pi or K). To make a complete
QCD sum rule studies of P -wave heavy baryons within
HQET, we still need to systematically study theirD-wave
decay properties, which is currently under investigation.
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Appendix A: Parameters of S/P -wave bottom
baryons and S-wave mesons
We list masses of ground-state bottom baryons used in
the present study, taken from PDG [2]:
Λb(1/2
+) : m = 5619.60 MeV ,
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FIG. 4: The coupling constants (a) g
Σ−
b
[ 1
2
−
]→Λ0
b
ρ− , (b) gΣ−
b
[ 1
2
−
]→Σ0
b
ρ− , (c) gΞ′−
b
[ 1
2
−
]→Ξ0
b
ρ− , (d) gΞ′−
b
[ 1
2
−
]→Ξ′0
b
ρ− , (e)
g
Σ−
b
[ 3
2
−
]→Λ0
b
ρ− , (f) gΣ−
b
[ 3
2
−
]→Σ0
b
ρ− , (g) gΞ′−
b
[ 3
2
−
]→Ξ0
b
ρ− , (h) gΞ′−
b
[ 3
2
−
]→Ξ′0
b
ρ− as functions of the Borel mass T . Here the baryons
Σb(
1
2
−
/ 3
2
−
) and Ξ′b(
1
2
−
/ 3
2
−
) belong to the bottom baryon doublet [6F , 1, 1, λ].
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FIG. 5: The coupling constants (a) g
Σ−
b
[ 3
2
−
]→Σ0
b
ρ− , (b) gΣ−
b
[ 5
2
−
]→Σ∗0
b
ρ− , (c) gΞ′−
b
[ 3
2
−
]→Ξ′0
b
ρ− , (d) gΞ′−
b
[ 5
2
−
]→Ξ∗0
b
ρ− as functions
of the Borel mass T . Here the baryons Σb(
3
2
−
/ 5
2
−
) and Ξ′b(
3
2
−
/ 5
2
−
) belong to the bottom baryon doublet [6F , 2, 1, λ].
Ξb(1/2
+) : m = 5793.20 MeV ,
Σb(1/2
+) : m = 5813.4 MeV ,
Σ∗b(3/2
+) : m = 5833.6 MeV ,
Ξ′b(1/2
+) : m = 5935.02 MeV ,
Ξ∗b(3/2
+) : m = 5952.6 MeV ,
Ωb(1/2
+) : m = 6046.1 MeV ,
Ω∗b(3/2
+) : m = 6063 MeV .
Their QCD sum rule parameters can be found in Refs. [1,
43, 95].
We list masses of P -wave bottom baryons used in the
present study, taken from the LHCb experiments [7, 8]
as well as our previous QCD sum rule studies [1, 41, 42]:
MΣb(1/2−) = MΣb(3/2−) = 6096.9 MeV ,
MΣb(5/2−) −MΣb(3/2−) = 13 MeV ,
MΞ′b(1/2−) = MΞ′b(3/2−) = 6226.9 MeV ,
MΞ′b(5/2−) −MΞ′b(3/2−) = 12 MeV ,
MΩb(1/2−) = MΩb(3/2−) = 6460 MeV ,
MΩb(5/2−) −MΩb(3/2−) = 11 MeV . (A1)
Their QCD sum rule parameters can be found in Table V.
We list masses and decay widths of the pseudoscalar
and vector mesons used in the present study, taken from
PDG [2]:
pi(0−) : m = 138.04 MeV , (A2)
K(0−) : m = 495.65 MeV ,
ρ(1−) : m = 775.21 MeV ,
Γ = 148.2 MeV , gρpipi = 5.94 ,
K∗(1−) : m = 893.57 MeV ,
Γ = 49.1 MeV , gK∗Kpi = 6.40 , (A3)
where the two coupling constants gρpipi and gK∗Kpi are
evaluated using the experimental decay widths of the ρ
and K∗ [2] through the following Lagrangians
Lρpipi = gρpipi ×
(
ρ0µpi
+∂µpi− + ρ0µpi
−∂µpi+
)
+ · · · ,
LK∗Kpi = gK∗KpiK∗+µ K−∂µpi0 + · · · . (A4)
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TABLE V: Parameters of the P -wave bottom baryons belonging to the baryon multiplets [6F , 1, 0, ρ], [6F , 0, 1, λ], [6F , 1, 1, λ]
and [6F , 2, 1, λ]. Detailed discussions can be found in Refs. [1, 41, 42]. Note that in the last column we have explicitly taken
into account the isospin factors, which come from definitions of interpolating fields, i.e. f
Σ+
b
= f
Σ−
b
=
√
2fΣ0
b
and fΞ′0
b
= f
Ξ′−
b
.
Multiplets B
ωc Working region Λ Baryons Mass Difference f
(GeV) (GeV) (GeV) (jP ) (GeV) (MeV) (GeV4)
[6F , 1, 0, ρ]
Σb 1.87 0.31 < T < 0.34 1.35± 0.09
Σb(1/2
−) 6.10± 0.11
3± 1 0.087± 0.018 (Σ
−
b (1/2
−))
Σb(3/2
−) 6.10± 0.10 0.050± 0.011 (Σ−b (3/2−))
Ξ′b 2.02 0.29 < T < 0.36 1.49± 0.09
Ξ′b(1/2
−) 6.24± 0.11
3± 1 0.080± 0.016 (Ξ
′−
b (1/2
−))
Ξ′b(3/2
−) 6.24± 0.11 0.046± 0.009 (Ξ′−b (3/2−))
Ωb 2.17 0.33 < T < 0.38 1.67± 0.09
Ωb(1/2
−) 6.42± 0.11
3± 1 0.155± 0.030 (Ω
−
b (1/2
−))
Ωb(3/2
−) 6.42± 0.11 0.090± 0.017 (Ω−b (3/2−))
[6F , 0, 1, λ]
Σb 1.75 0.30 < T < 0.33 1.29± 0.08 Σb(1/2−) 6.09± 0.10 – 0.085± 0.017 (Σ−b (1/2−))
Ξ′b 1.90 0.30 < T < 0.34 1.44± 0.08 Ξ′b(1/2−) 6.25± 0.10 – 0.077± 0.016 (Ξ′−b (1/2−))
Ωb 2.05 0.29 < T < 0.35 1.59± 0.08 Ωb(1/2−) 6.40± 0.11 – 0.143± 0.030 (Ω−b (1/2−))
[6F , 1, 1, λ]
Σb 1.95 0.33 < T < 0.36 1.28± 0.12
Σb(1/2
−) 6.10± 0.13
7± 3 0.078± 0.018 (Σ
−
b (1/2
−))
Σb(3/2
−) 6.10± 0.13 0.045± 0.010 (Σ−b (3/2−))
Ξ′b 2.10 0.32 < T < 0.39 1.47± 0.11
Ξ′b(1/2
−) 6.33± 0.13
5± 3 0.085± 0.017 (Ξ
′−
b (1/2
−))
Ξ′b(3/2
−) 6.33± 0.13 0.049± 0.010 (Ξ′−b (3/2−))
Ωb 2.25 0.31 < T < 0.42 1.63± 0.14
Ωb(1/2
−) 6.50± 0.16
4± 2 0.171± 0.036 (Ω
−
b (1/2
−))
Ωb(3/2
−) 6.51± 0.16 0.099± 0.021 (Ω−b (3/2−))
[6F , 2, 1, λ]
Σb 1.84 0.30 < T < 0.34 1.29± 0.09
Σb(3/2
−) 6.10± 0.12
13± 5 0.102± 0.022 (Σ
−
b (3/2
−))
Σb(5/2
−) 6.11± 0.12 0.045± 0.010 (Σ−b (5/2−))
Ξ′b 1.99 0.30 < T < 0.36 1.45± 0.09
Ξ′b(3/2
−) 6.27± 0.12
12± 5 0.099± 0.021 (Ξ
′−
b (3/2
−))
Ξ′b(5/2
−) 6.29± 0.11 0.044± 0.009 (Ξ′−b (5/2−))
Ωb 2.14 0.32 < T < 0.38 1.62± 0.09
Ωb(3/2
−) 6.46± 0.12
11± 5 0.194± 0.038 (Ω
−
b (3/2
−))
Ωb(5/2
−) 6.47± 0.12 0.087± 0.017 (Ω−b (5/2−))
Appendix B: Sum rule equations
In this appendix we show several examples of the sum
rule equations, which are used to extract the S-wave de-
cays of the P -wave bottom baryons into ground-state
bottom baryons accompanied by a vector meson (ρ or
K∗).
1. The bottom baryon doublet [6F , 0, 1, λ]
The sum rule for Ξ′−b [
1
2
−
] belonging to [6F , 0, 1, λ] is
GΞ′−b [
1
2
−]→Ξ∗0b ρ−(ω, ω
′) =
gΞ′−b [
1
2
−]→Ξ∗0b ρ−fΞ−b [ 12−]fΞ∗0b
(Λ¯Ξ−b [
1
2
−] − ω′)(Λ¯Ξ∗0b − ω)
(B1)
=
∫ ∞
0
dt
∫ 1
0
duei(1−u)ω
′teiuωt × 4×
( if ||ρmρ
6pi2t4
φ
||
2;ρ(u)−
2if
||
ρmρ
3pi3t4
φ⊥3;ρ(u)
− if
||
ρm3ρ
12pi2t4(v · q)2φ
||
2;ρ(u) +
if
||
ρm3ρ
6pi2t4(v · q)2φ
||
3;ρ(u)−
if
||
ρm3ρ
12pi2t4(v · q)2ψ
||
4;ρ(u) +
f⊥ρ msm
2
ρ
12pi2t3v · qφ
⊥
2;ρ(u)
14
− f
⊥
ρ msm
2
ρ
12pi2t3v · qψ
⊥
4;ρ(u)−
f
||
ρmρv · q
12pi2t3
ψ⊥3;ρ(u) +
if
||
ρm3ρ
96pi2t2
φ
||
4;ρ(u)−
if⊥ρ msm
2
ρ
24pi2t2
ψ
||
3;ρ(u)
− if
⊥
ρ msu(v · q)2
12pi2t2
φ⊥2;ρ(u) +
if
||
ρmρu(v · q)2
24pi2t2
ψ⊥3;ρ(u) +
f⊥ρ m
2
ρ
36tv · q 〈s¯s〉φ
⊥
2;ρ(u)−
f⊥ρ m
2
ρ
36v · q 〈s¯s〉ψ
⊥
4;ρ(u)
− if
||
ρmsm
3
ρ
288(v · q)2 〈s¯s〉φ
||
2;ρ(u) +
if
||
ρmsm
3
ρ
144(v · q)2 〈s¯s〉φ
⊥
3;ρ(u)−
if
||
ρmsm
3
ρ
288(v · q)2ψ
||
4;ρ(u) +
if
||
ρmsmρ
144
〈s¯s〉φ||2;ρ(u)
− if
||
ρmsmρ
36
〈s¯s〉φ⊥3;ρ(u)−
if⊥ρ m
2
ρ
72
〈s¯s〉ψ||3;ρ(u)−
if⊥ρ u(v · q)2
36
〈s¯s〉φ⊥2;ρ(u)−
if⊥ρ msm
2
ρu(v · q)2
192pi2
φ⊥4;ρ(u)
+
f⊥ρ m
2
ρt
576v · q 〈gss¯σGs〉φ
⊥
2;ρ(u)−
f⊥ρ m
2
ρt
576v · q 〈gss¯σGs〉ψ
⊥
4;ρ(u)−
f
||
ρmsmρtv · q
288
〈s¯s〉ψ⊥3;ρ(u) +
if
||
ρmsm
3
ρt
2
2304
〈s¯s〉φ||4;ρ(u)
− if
⊥
ρ m
2
ρt
2
1152
〈gss¯σGs〉ψ||3;ρ(u)−
if⊥ρ ut
2(v · q)2
576
〈gss¯σGs〉φ⊥2;ρ(u)−
if⊥ρ m
2
ρut
2(v · q)2
576
〈s¯s〉φ⊥4;ρ(u)
+
if
||
ρmsmρut
2(v · q)2
576
〈s¯s〉ψ⊥3;ρ(u) +
f⊥ρ m
2
ρt
3v · q
2304
〈gss¯σGs〉φ⊥4;ρ(u)−
if⊥ρ m
2
ρut
4(v · q)2
9216
〈gss¯σGs〉φ⊥4;ρ(u)
)
−
∫ ∞
0
dt
∫ 1
0
du
∫
Dαeiω′t(α2+uα3)eiωt(1−α2−uα3) × 1
2
×
(
− if
||
ρm3ρ
24t2
Ψ
||
4;ρ(α) +
if
||
ρm3ρ
24pi2t2
Ψ˜
||
4;ρ(α)
− if
||
ρm3ρu
12pi2t2
Ψ
||
4;ρ(α)−
if
||
ρmρ(v · q)2
12pi2t2
Φ
||
3;ρ(α)−
if
||
ρmρ(v · q)2
12pi2t2
Φ˜
||
3;ρ(α) +
if
||
ρmρu(v · q)2
12pi2t2
Φ
||
3;ρ(α)
+
if
||
ρmρu(v · q)2
12pi2t2
Φ˜
||
3;ρ(α) +
f
||
ρmρu(v · q)3
12pi2t
Φ
||
3;ρ(α) +
f
||
ρmρu(v · q)3
12pi2t
Φ˜
||
3;ρ(α) +
f
||
ρmρuα2(v · q)3
12pi2t
Φ
||
3;ρ(α)
−f
||
ρmρuα2(v · q)3
12pi2t
Φ˜
||
3;ρ(α)−
f
||
ρmρu
2α3(v · q)3
12pi2t
Φ
||
3;ρ(α)−
f
||
ρmρu
2α3(v · q)3
12pi2t
Φ˜
||
3;ρ(α)
)
.
2. The bottom baryon singlet [6F , 1, 0, ρ]
The sum rule for Ξ′−b [
1
2
−
] belonging to [6F , 1, 0, ρ] is
GΞ′−b [
1
2
−]→Σ0bK∗(ω, ω
′) =
gΞ′−b [
1
2
−]→Σ0bK∗fΞ′−b [ 12−]fΣ0b
(Λ¯Ξ′−b [
1
2
−] − ω′)(Λ¯Σ0b − ω)
(B2)
=
∫ ∞
0
dt
∫ 1
0
duei(1−u)ω
′teiuωt × 4×
( if⊥K∗v · q
2pi2t4
φ⊥2;K∗(u)−
if⊥k∗m
2
K∗
2pi2t4v · qφ
⊥
2;K∗(u)
+
if⊥K∗m
2
K∗
2pi2t4v · qψ
⊥
4;K∗(u)−
f⊥K∗u(v · q)2
4pi2t3
φ⊥2;K∗(u) +
if⊥K∗m
2
K∗v · q
32pi2t2
φ⊥4;K∗(u)−
f⊥K∗m
2
K∗u(v · q)2
64pi2t
φ⊥4;K∗(u)
− if
||
K∗mK∗v · q
48
〈q¯q〉ψ⊥3;K∗(u)−
f
||
K∗mK∗ut(v · q)2
96
〈q¯q〉ψ⊥3;K∗(u)−
if
||
K∗mK∗t
2v · q
768
〈gsq¯σGq〉ψ⊥3;K∗(u)
−f
||
K∗mK∗ut
3(v · q)2
1536
〈gsq¯σGq〉ψ⊥3;K∗(u)
)
−
∫ ∞
0
dt
∫ 1
0
du
∫
Dαeiω′t(α2+uα3)eiωt(1−α2−uα3) × 1
2
(
− if
⊥
K∗v · q
8pi2t2
Φ
⊥(1)
4;K∗(α) +
if⊥K∗v · q
8pi2t2
Φ
⊥(2)
4;K∗(α)
− if
⊥
K∗m
2
K∗v · q
4pi2t2
Φ
⊥(3)
4;K∗(α) +
if⊥K∗m
2
K∗v · q
4pi2t2
Φ
⊥(4)
4;K∗(α) +
if⊥K∗m
2
K∗v · q
8pi2t2
Ψ˜⊥4;k∗(α) +
ifK∗m
2
K∗v · q
8pi2t2
Ψ⊥4;K∗(α)
+
if⊥K∗m
2
K∗uv · q
8pi2t2
Φ
⊥(1)
4;K∗(α)−
if⊥K∗uv · q
8pi2t2
Φ
⊥(2)
4;K∗(α)−
ifK∗m
2
K∗uv · q
4pi2t2
Ψ˜⊥4;K∗(α) +
fK∗m
2
K∗(v · q)2
16pi2t
Φ
⊥(1)
4;K∗(α)
−f
⊥
K∗m
2
K∗(v · q)2
16pi2t
Φ
⊥(2)
4;K∗(α)−
f⊥K∗m
2
K∗(v · q)2
16pi2t
Φ
⊥(3)
4;K∗(α) +
f⊥K∗m
2
K∗(v · q)2
16pi2t
Φ
⊥(4)
4;K∗(α) +
f⊥K∗m
2
K∗(v · q)2
16pi2t
Ψ˜⊥4;K∗(α)
−f
⊥
K∗m
2
K∗(v · q)2
16pi2t
Ψ⊥4;K∗(α)−
f⊥K∗m
2
K∗(v · q)2
8pi2t
Φ
⊥(3)
4;K∗(α) +
f⊥K∗m
2
K∗u(v · q)2
8pi2t
Φ
⊥(4)
4;K∗(α) +
f⊥K∗m
2
K∗u(v · q)2
8pi2t
Ψ˜⊥4;K∗(α)
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−f
⊥
K∗m
2
K∗α2(v · q)2
16pi2t
Φ
⊥(1)
4;K∗(α) +
f⊥K∗m
2
K∗α2(v · q)2
16pi2t
Φ
⊥(2)
4;K∗(α) +
f⊥K∗m
2
K∗α2(v · q)2
16pi2t
Φ
⊥(3)
4;K∗(α)
−f
⊥
K∗m
2
K∗α2(v · q)2
16pi2t
Φ
⊥(4)
4;K∗(α)−
f⊥K∗m
2
K∗α2(v · q)2
16pi2t
Ψ˜⊥4;K∗(α) +
f⊥K∗m
2
K∗α2(v · q)2
16pi2t
Ψ⊥4;K∗(α)
+
f⊥K∗m
2
K∗uα2(v · q)2
8pi2t
Φ
⊥(3)
4;K∗(α)−
f⊥K∗m
2
K∗uα2(v · q)2
8pi2t
Φ
⊥(4)
4;K∗(α)−
f⊥K∗m
2
K∗uα2(v · q)2
8pi2t
Ψ˜⊥4;K∗(α)
+
f⊥K∗m
2
K∗u
2α3(v · q)2
8pi2t
Φ
⊥(3)
4;K∗(α)−
f⊥K∗m
2
K∗u
2α3(v · q)2
8pi2t
Φ
⊥(4)
4;K∗(α)−
f⊥K∗m
2
K∗u
2α3(v · q)2
8pi2
Ψ˜⊥4;K∗(α)
−f
⊥
K∗m
2
K∗uα3(v · q)2
16pi2t
Φ
⊥(1)
4;K∗(α) +
f⊥K∗m
2
K∗uα3(v · q)2
16pi2
Φ
⊥(2)
4;K∗(α) +
f⊥K∗m
2
K∗uα3(v · q)2
16pi2t
Φ
⊥(3)
4;K∗(α)
−f
⊥
K∗m
2
K∗uα3(v · q)2
16pi2t
Φ
⊥(4)
4;K∗ −
f⊥K∗m
2
K∗uα3(v · q)2
16pi2t
Ψ˜⊥4;K∗(α) +
f⊥K∗m
2
K∗uα3(v · q)2
16pi2t
Ψ⊥4;K∗(α)
)
.
3. The bottom baryon doublet [6F , 1, 1, λ]
The sum rule for Σ−b [
1
2
−
] belonging to [6F , 1, 1, λ] is
GΣ−b [
1
2
−]→Σ0bρ−(ω, ω
′) =
gΣ−b
1
2
−]→Σ0bρ−fΣ−b [ 12−]fΣ0b
(Λ¯Σ−b [
1
2
−] − ω′)(Λ¯Σ0b − ω)
(B3)
=
∫ ∞
0
dt
∫ 1
0
duei(1−u)ω
′teiuωt × 8×
(
− f
||
ρmρ
2pi2t4
φ
||
2;ρ(u)−
f
||
ρmρ
2pi2t4
φ⊥3;ρ(u)
+
f
||
ρm3ρ
4pi2t4(v · q)2φ
||
2;ρ(u)−
f
||
ρm3ρ
2pi2t4(v · q)2φ
⊥
3;ρ(u) +
f
||
ρm3ρ
4pi2t2(v · q)2ψ
||
4;ρ(u)−
if
||
ρmρv · q
8pi2t3
ψ⊥3;ρ(u)
−f
||
ρmρu(v · q)2
16pi2t2
ψ⊥3;ρ(u)−
f
||
ρm3ρ
32pi2t2
φ
||
4;ρ(u) +
if⊥ρ m
2
ρ
24tv · q 〈q¯q〉φ
⊥
2;ρ(u)−
if⊥ρ m
2
ρ
24tv · q 〈q¯q〉ψ
⊥
4;ρ(u)
+
f⊥ρ u(v · q)2
24
〈q¯q〉φ⊥2;ρ(u) +
f⊥ρ m
2
ρ
24
〈q¯q〉ψ||3;ρ(u) +
if⊥ρ m
2
ρt
384v · q 〈gsq¯σGq〉φ
⊥
2;ρ(u)−
if⊥ρ m
2
ρt
384v · q 〈gsq¯σGq〉ψ
⊥
4;ρ(u)
+
f⊥ρ ut
2(v · q)2
384
〈gsq¯σGq〉φ⊥2;ρ(u) +
f⊥ρ m
2
ρut
2(v · q)2
384
〈q¯q〉φ⊥4;ρ(u) +
f⊥ρ m
2
ρt
2
384
〈gsq¯σGq〉ψ||3;ρ(u)
+
f⊥ρ m
2
ρut
4(v · q)2
6144
〈gsq¯σGq〉φ⊥4;ρ(u)
)
−
∫ ∞
0
dt
∫ 1
0
du
∫
Dαeiω′t(α2+uα3)eiωt(1−α2−uα3) ×
(f ||ρm3ρ
8pi2t2
Φ
||
4;ρ(α)−
f
||
ρm3ρ
8pi2t2
Φ˜
||
4;ρ(α)
+
f
||
ρm3ρu
4pi2t2
Φ
||
4;ρ(α)−
f
||
ρmρ(v · q)2
8pi2t2
Φ
||
3;ρ(α)−
f
||
ρmρ(v · q)2
8pi2t2
Φ˜
||
3;ρ(α)
+
3f
||
ρmρu(v · q)2
8pi2t2
Φ
||
3;ρ(α)−
f
||
ρmρu(v · q)2
8pi2t2
Φ˜
||
3;ρ(α)−
if
||
ρmρ(v · q)3
8pi2t
Φ
||
3;ρ(α)
+
if
||
ρmρα2(v · q)3
8pi2t
Φ
||
3;ρ(α)−
if
||
ρmρα2(v · q)3
8pi2t
Φ˜− 3; ρ||(α) + if
||
ρmρuα2(v · q)3
8pi2t
Φ
||
3;ρ(α)
− if
||
ρmρuα2(v · q)3
8pi2t
Φ˜
||
3;ρ(α) +
if
||
ρmρu
2α3(v · q)3
8pi2t
Φ
||
3;ρ(α)−
if
||
ρmρu
2α3(v · q)3
8pi2t
Φ˜
||
3;ρ(α)
+
if
||
ρmρuα3(v · q)3
8pi2t
Φ
||
3;ρ(α)−
if
||
ρmρuα3(v · q)3
8pi2t
Φ˜
||
3;ρ(α) .
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4. The bottom baryon doublet [6F , 2, 1, λ]
The sum rule for Ω−b [
1
2
−
] belonging to [6F , 2, 1, λ] is
GΩ−b [
1
2
−]→Ξ0bK∗(ω, ω
′) =
gΩ−b [
1
2
−]→Ξ0bK∗fΩ−b [ 12−]fΞ0b
(Λ¯Ω−b [
1
2
−] − ω′)(Λ¯Ξ0b − ω)
= 0 . (B4)
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